Abstract. The aim of the current retrospective study was to investigate the response of advanced cervical adenocarcinoma (AC) to definitive chemoradiotherapy. Uterine cervical cancer is one of the most common cancer types among females, with squamous cell carcinoma (SQCC) being the most prevalent histological type. The incidence of cervical AC and its variants has markedly increased in recent decades. The current understanding with regard to the treatment of cervical cancer has been established through studies in which the majority of the patients suffered from SQCC, while only a limited number of studies have focused on the treatment of AC. Therefore, the optimal treatment for uterine cervical AC remains unclear. In the present study, data were collected from the medical files of patients who were diagnosed with advanced uterine cervical AC and treated with chemoradiotherapy between 1998 and 2013. Data were also collected from a group of patients with SQCC for comparison with AC patients in terms of response and survival. A total of 68 uterine cervical cancer cases were included, including 29 AC patients and 39 SQCC patients. Compared with the SQCC subgroup, a higher number of AC patients required surgery following chemoradiotherapy due to a lack of response to the initial treatment (5% vs. 31%, respectively; P=0.0065). After a median follow-up period of 10 years, patients with AC exhibited shorter overall survival (7.4 years vs. 11 years for AC and SQCC groups, respectively; P=0.01). Differences in recurrence (40.7% vs. 34.4%; P= 0.79) and disease-free interval (1.2 years vs. 2 years; P=0.11) were not statistically significant. The results indicated that cervical AC is less responsive to chemoradiotherapy compared with SQCC.
Introduction
Cancer of the uterine cervix is the third most common gynecological cancer type and a cause of cancer-associated mortality in females worldwide (1) . The treatment of locally advanced uterine cervical cancer includes concomitant chemoradiotherapy and intracavitary brachytherapy as the definitive treatment. Cervical cancer consists of a several histopathological types, of which the most common type is squamous cell carcinoma (SQCC). The incidence of invasive uterine cervical adenocarcinoma (AC) and its variants has increased over the last few decades (1) (2) (3) , and it has been demonstrated to be associated with poor prognosis. Possible explanations for the growing incidence are obesity and estrogen exposure (2) . However, the majority of the current knowledge with regard to the treatment of cervical cancer has been established through studies in which the majority of patients suffered from SQCC. Only a limited number of studies have focused on the treatment of cervical AC; therefore, the present understanding regarding the optimal treatment of uterine cervical AC is limited. The aim of the present study was to investigate the response of advanced cervical AC to definitive chemoradiotherapy in comparison to that of cervical SQCC.
Patients and methods

Patients.
A retrospective study was conducted using the medical records of consecutive patients with AC of the uterine cervix who had been treated at a single tertiary center (Rambam Health Care Campus, Haifa, Israel) between 1998 and 2013. No inclusion/exclusion criteria was used, and all patients were included. The patients had received concomitant external beam radiotherapy (EBRT) combined with weekly chemotherapy and intracavitary high-dose rate (HDR) brachytherapy. All the patients were treated with curative intent. In addition, the data of 39 patients with SQCC of the uterine cervix were also reviewed. As there were more patients with SQCC, the data of every third patient was collected, to avoid a bias. Medical records were reviewed to obtain information regarding disease stage, radiotherapy doses, response, time to recurrence and survival. Overall survival data were available for all the patients and were based on the results of the population census as recorded in the population registry of the Ministry of Interior of Israel. The study was approved by the ethics committee of Rambam Medical Center, Haifa, Israel.
Statistical analysis. The Kolmogorov-Smirnov test was used to test for normality of the distribution, and according to the results a parametric and non-parametric models were used. The differences between the two histology groups for continuous parameters (such as age) were evaluated by t-test or Mann-Whitney U test. Categorical parameters were evaluated by Fisher exact test or the Pearson χ 2 test. Overall survival was defined as the time from the first day of treatment to mortality (all causes). Survivors were censored at the last follow-up. Time to tumor progression was defined as the time from the first day of treatment to the first recorded evidence of progression. Alive patients without progression were censored at last follow-up. Kaplan-Maier curves were used to illustrate main results. Two-tailed P<0.05 was considered to indicate a statistically significant difference. Statistical analyses was performed using SPSS (Statistics Products Solutions Services) 21.0 software for Windows (IBM SPSS; Armonk, NY, USA).
Results
Patient characteristics.
A total of 68 patients were included in the present study, including 29 patients with cervical AC and 39 patients with cervical SQCC. The median follow-up period was 10 years (range, 0.5-15 years). The majority of patients were of Jewish descent (89.7% in the SQCC group and 72.4% in the AC group). The disease stages and treatment of patients in the two groups are summarized in Table I . The rate of bulky disease (>4 cm) was similar between the groups.
Treatment strategies. For all the patients, EBRT was performed prior to HDR brachytherapy. Cisplatin (40 mg/m 2 ) was used concomitantly with pelvic irradiation in all patients, with the exception of two patients in the SQCC group, for whom carboplatin was used (area under the curve, 2) due to renal insufficiency. In addition, concomitant chemotherapy was not administered to one patient in the SQCC group and 5 in the AC group due to comorbidities (Table I) . Furthermore, three patients in each group did not receive the planned chemotherapy cycles due to acute gastrointestinal toxicity (diarrhea), which was the main indication to discontinue chemotherapy.
The intended treatment included external radiotherapy to the pelvis, at a dose of 45-50.4 Gy (25-28 fractions, 1.8 Gy per fraction, five fractions per week) using 6 MV or 18 MV beams, according to the protocol of the Division of Oncology, Rambam Health Care Campus. Depending on the patient's body habitus, two opposing (anterior-posterior) fields (for the majority of patients) or the 4-fields box technique (for those with a larger body habitus) were used. Patients with parametrium involvement were given a 5.4 Gy (1.8 Gy per fraction) boost with a central block in the vagina and uterine-cervical area. The average EBRT dose administered did not differ significantly between the groups (4914 cGY vs. 5055 cGY for the AC and SQCC groups, respectively; P= 0.19). HDR brachytherapy was performed using an Ir 192 source. Prior to the first HDR brachytherapy fraction, the patients underwent intrauterine stent insertion and evaluation for response under anesthesia. The HDR fractionation scheme was planned for five fractions of 5-5.5 Gy each (depending on clinical evaluation of tumor size). Treatment doses were prescribed at point A. HDR doses did not differ between the two groups. In total, nine cervical AC patients required surgery following chemoradiotherapy due to residual disease, compared with two patients in the SQCC group (31% vs. 5%, respectively; P= 0.0065). No statistically significant difference in mortality rate was observed between the two subgroups (36% vs. 44% for AC and SQCC groups, respectively; P= 0.61). The median follow-up period was 10 years, revealing that patients with cervical AC presented a reduced overall survival (7.4 years in the cervical AC group, vs. 11 years in the cervical SQCC group; P= 0.01). Furthermore, the differences in recurrence rate (40.7% vs. 34.4%; P= 0.79) and disease-free interval (1.2 years vs. 2 years; P= 0.11) were not statistically significant. However, significant differences were observed in overall survival between the two groups (Fig. 1) . The majority of recurrences in the two groups were distant; four patients in the AC group exhibited local recurrence (within the irradiated field), and five patients exhibited distant recurrences (outside the irradiated field, including the lung, skeleton and liver), which was similar to that exhibited by patients of the SQCC group, where five patients exhibited local recurrence and six patients exhibited distant recurrences. Furthermore, a higher number of AC patients required surgical treatment for residual disease when compared with SQCC patients. These results indicate that cervical AC is less responsive to chemoradiotherapy than SQCC.
Discussion
The overall survival of patients with uterine cervical AC has been previously described to be poorer compared with that of SQCC patients, in studies conducted over the last two decades ago (1,3) . However, the management of these patients did not change, which may be attributed to the rarity of the disease and the lack of randomized trials. However, the incidence of invasive uterine cervical AC and its variants has increased over the last decades (2) . Possible explanations for the growing incidence include obesity and estrogen exposure (4) . In the present study, no statistically significant differences were observed between the AC and SQCC groups with regards to BMI (below or above 25 kg/m 2 ), with 70% of patients in the AC group having a BMI of >25 kg/m 2 , compared with 37.5% in the SQCC group.
The growing incidence and aggressiveness of AC of the uterine cervix, irrespective of the primary treatment (2,4,6), requires the re-evaluation of treatment options for these patients. In the present study, more patients in the cervical AC group required surgery following chemoradiotherapy due to residual disease. The patients who were treated by chemoradiotherapy did not differ with regard to tumor size (bulky vs. non-bulky disease) or radiation dose between the SQCC and AC groups. Thus, the lack of response was likely to be due to the histological features of the tumor rather than the treatment. In contrast to the study by Eifel et al (2) , which reported a trend towards improved survival in patients undergoing adjuvant hysterectomy (78% vs. 71%), no statistically significant differences in survival were observed in the present study (P=0.09). Additionally, surgery conferred no survival advantage in the present study. This may be due to the fact that surgery was performed as a treatment for unresponsive disease, rather than true adjuvant treatment.
Although the present study used a small sample size and was conducted retrospectively, its results support those of previous studies. Due to the growth in the prevalence of this disease, further investigation into treatment options is required (7); this may include the use of alternative chemotherapy regimens, such as the combined use of carboplatin and paclitaxel has been demonstrated to have radiosensitizing properties in various types of adenocarcinoma (8) and is a treatment strategy that is commonly used for uterine AC. Lee et al (8) evaluated this regimen in the context of pelvic radiotherapy in patients with SQCC of the uterine cervix. The study included 33 patients, who were treated with concurrent chemoradiotherapy, including two cycles of paclitaxel (135 mg/m 2 ) and carboplatin (area under the time-concentration curve, 4.5 mg x min/ml) at four-week intervals. All the patients received EBRT at a dose of 41.4-51.4 Gy (median, 50.4 Gy) to the entire pelvic area. Boost irradiation was administered to the cervix in 28 patients by brachytherapy at a dose of 25.6-43.3 Gy (median, 34.6 Gy) and in 5 patients by external beam radiotherapy at a dose of 10.8-14.4 Gy (median, 14.4 Gy). The authors concluded that concurrent chemoradiotherapy with paclitaxel and carboplatin is effective to achieve pelvic control; however, the rate of toxicity was higher compared with that reported for platinum only (9) . Acute hematological toxicity of grade 3 or 4 was reported in ≤61% of the patients (9) . With current advances in EBRT treatment planning and the potential to perform intensity modulation planning (IMRT), it may be possible to reduce doses to the iliac crest in order to reduce hematologic toxicity (10) . However, the use of IMRT in the treatment of intact uterine cervical cancer is not the standard of care. This may be due to the increased prevalence of the disease in developing countries and to pelvic organ movement and tumor regression, which increase the set-up variability when compared with other diseases, thus requiring larger margins and possible re-planning during the course of treatment. Therefore, data is available with regard to the use of IMRT as part of definitive chemoradiotherapy in uterine cervical cancer (11) .
In conclusion, the current study shows that a higher number of AC patients required surgery following chemoradiotherapy due to a lack of response to the initial treatment and at a median follow up period of 10 years, patients with AC exhibited shorter overall survival. Based on the results of the present study, further multicenter prospective trials are required for the improvement of treatment in patients with uterine cervical AC. Advances in radiotherapy treatment planning and recent progress in chemotherapy regimens combined with radiotherapy in adenocarcinomas occurring at various sites may provide new opportunities for the investigation of novel effective treatments.
